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Over the last decades manufacturers outsourced service inputs and shared resources with competitors. As a result service inputs have been the fastest growing input factor in German manufacturing, followed by imported materials and highly skilled labour. Based on input-output tables intermediate services and imported materials both at constant prices rose by 4.7 and 4.2 percent per year between 1978 and 1990. Most of the rise in intermediate services as a factor of production in manufacturing can be attributed to the growing importance of business services representing 45 percent of total intermediate services in 1990 compared to 35 percent in 1978. Within business services temporary personal supply services, consulting, legal service, accounting seems to be the fastest growing business services. For instance, between 1978 and 1998 the number of workers in personal supply services increased by 11 percent per year, the highest employment growth rate among all business service industries.
For the U.S several empirical studies provide evidence that manufacturing firms contract out business services to realize labour cost savings. In particular, low skilled tasks are outsourced because manufacturing firms have no opportunity to pursue a different compensation strategy between skilled and unskilled workers. Most studies, however, focus on international outsourcing proxied by directly imported intermediate inputs or imported intermediate inputs purchased from the same two digit industry as the product being produced. Furthermore, outsourcing of services may also have an impact on the demand for skilled workers. Usually, outsourcing of services is motivated by the access to new skills. Therefore, it is also likely that skilled workers are replaced by outsourcing of services.
This study constitutes the first attempt to examine the effects of the increasing use of service inputs as well as imported materials on heterogeneous labour demand. We analyse the substitution possibilities more completely than in previous studies. Furthermore, we formulate a new variant of a Box-Cox cost function nesting both the normalised quadratic and the translog functional form. The hypothesis that the increasing use of services in manufacturing contributed to the shift away from unskilled labour has only weak support. However, we found a significant substitution relationship between high-skilled labour and intermediate services. This can be partly explained by the fact that intermediate services mainly consist of skill intensive business services. Furthermore, the effects of both output and capital are more important than price effects in explaining the rising demand towards intermediate services as well as imported materials in manufacturing.
I. Introduction
There is increasing evidence that the last 30 years have witnessed a dramatic change in the way goods are manufactured and services are provided. During this period, purchased services, imported materials, skilled labour as well as capital have been increasingly used in production.
Conversely, firms have begun to replace relatively unskilled workers with other inputs. One explanation for the simultaneous decline in the number of unskilled workers and the strong increase in purchased services in manufacturing, is the common practice of outsourcing of services.
Anecdotal evidence suggests that a number of workers now employed in low skilled service occupations, such as cleaners, telephone salespersons, or truck drivers, were previously employed by manufacturing firms. Another common explanation is that rising imports of intermediate material inputs have contributed to to the dramatic decline of the employment share of unskilled labor. These observations has raised concerns about the consequences and the driving forces of outsourcing and imports. This paper examines the impact of purchased services and imported materials on the demand for heterogeneous labour. We analyse the production technology in more detail than in previous studies as we distinguish between seven variable input factors: three types of labour and four components of intermediate materials. As in Morrison-Paul and Siegel (2001), we study the impact of an increase in the quantity of purchased services and imports of intermediate materials on the demand for heterogeneous labour, where purchased services are used as an indicator for outsourcing. In contrast to the authors mentioned, we also investigate the determinants of demand for intermediate imports and purchased services. Furthermore, we are able to provide the total impact of outsourcing and imports on labour demand, which is composed of a quantity (or scale) and a price effect (see Section II).
There are several theoretical and empirical studies on the impact of intermediate imports on heterogeneous labour (see Aghion et al. 1999 for a recent overview). Feenstra and Hanson (1999) investigate the impact of international outsourcing on the relative wage of non-production labour based on 450 U.S. manufacturing industries. They define international outsourcing as imported intermediate inputs purchased from the same two-digit industry. They find that outsourcing can account for at least 15 percent of the increase in the relative wage of non-production workers.
In Germany, wages of different skill levels have grown at the same rate of about 4.5 percent per
year (see Table 2 ). Therefore, we focus on the impact of purchased services on the demand for heterogeneous labour rather than on the impact of purchased services on relative wages. For Germany, Steiner and Mohr (1998) find that the shift in demand towards skilled labour is more pronounced in import-intensive industries than in the remaining industries. However, this effect is rather weak. According to Fitzenberger (1999) , who uses two-digit German manufacturing data, the shift in demand away from unskilled labour is mainly a result of technological change rather than a consequence of increasing international trade.
Despite the growing demand for purchased services in manufacturing, the connections between labour demand and the demand for purchased services as well as the determinants of the demand for purchased services have been widely ignored in the literature. To our knowledge, this is the first German study that investigates the effects of the increasing demand for purchased services on the demand for different types of labour. Using four-digit U.S. manufacturing industry data, Morrison-Paul and Siegel (2001) address this issue and estimate a factor demand system for four different educational qualification levels. The authors find that the cost share of purchased services appears to have a relatively small negative impact on the labour demand across all different skill levels. Trade measured as the ratio of imports to output has a similar negative impact on the demand for less educated labour. However, this effect is much weaker than the impact of technological change.
The layout of the paper is as follows. In section II and III we present the theoretical and empirical models. Section IV discusses the data and documents some stylised facts. Section V contains the empirical results and section VI concludes.
II. The impact of quantities and prices
denote a vector of variable inputs and p = (p L , p M ) ∈ R S L + × R S M + denote the corresponding vector of prices. These inputs are combined in the activity of production, with some fixed goods z ∈ R Sz + , among which the level of capital and output. The relationship f (x L , x M , z) = 0 characterizes the technical production constraints. Both vectors x and p have been split into two subvectors. We are thus able to distinguish labour inputs x L from intermediate material inputs The restricted cost function is defined as:
The relationship between restricted and unrestricted cost functions is well known:
denote the unrestricted labour demands.
This framework is useful for identifying the impact of x L to derive the effects of purchased services and imports ∂ x i /∂x j (x j / x i ) , with i ∈ X L and j ∈ X M . These impacts can also be recovered from the unrestricted demand functions x * L . Indeed, from the relationship between restricted and unrestricted demands (1), it follows that:
That is, ∂ x L /∂x M can be calculated from the unrestricted demand functions x * .
It is easy to show that -once expressed in terms of elasticities -equation (2) becomes
as entries, with i ∈ X L and j ∈ X M . The elasticity matrices ε ( x L , x M ) and ε (x * M , p M ) are defined accordingly.
From the first line of (3), we can see that even though the impact of x M on restricted labour demands x L may be important, the impact of input prices p M on unrestricted labour demands x * L can be limited if the own price reactions of material inputs (reflected by the matrix ε (x * M , p M )) are small.
III. A variant of the Box-Cox cost function
The vector of variable inputs is defined as x = (x h , x s , x u , x d , x e , x m , x o ) and the corresponding input price vector as p = (p h , p s , p u , p d , p e , p m , p o ) , where the denomination of the variables is summarized in Table 1 . We consider three categories of labour inputs and split up intermediate Since empirical estimates of elasticities are shown to be sensitive to the choice of the functional form, we formulate a variant of a Box-Cox cost function that has the advantage of nesting some of the usual specifications. The Box-Cox cost function was initially proposed by Berndt and Khaled (1979) . We extend their formulation in order to nest the normalised quadratic and the translog functional form (see Koebel, Falk and Laisney 2000, for details). As the variables may differ across the observations, p, x and z are now supplemented by the subscripts n and t denoting industry and time, respectively. The total variable costs are denoted by c and correspond to the total wage bill plus materials expenditures. The Box-Cox transformations are given by
Note that in (5), the transformation is not applied to the time trend but only to z k and z y . The specification of the cost function is
where
The technological parameters to be estimated are gathered in the vector α n = (α 0n ,
where α 0n entails all free parameters of α Cn , A pn , A z , A pp , A pz and A zz . Note that the subscript x h high-skilled labour (workers with a university or polytechnical degree)
x s medium-skilled labour (workers with a certificate from the dual n characterises parameters that are industry-specific. To account for heterogeneous technologies, we introduce some industry-specific parameters α Cn and A pn . Just as functional specifications can barely be justified economically, it is difficult too find a rationale for homogeneous technologies across industries that are as different as chemistry and road vehicles, for example. Thus, we also allow the parameters α 0n and γ 1 , γ 2 to vary across broadly defined groups of industries. In particular, we distinguish between durable goods industries and non-durable goods industries.
The parameters γ 1 and γ 2 merit special attention since they capture the way that variables p jnt , z jnt and c nt are modified by the Box-Cox transformation. Both the translog and the normalised quadratic functional forms are nested within the generalised Box-Cox specification and are obtained as special cases, for γ 1 → 0, γ 2 → 0 and for γ 1 = 1, γ 2 = 1 respectively. Some restrictions are placed on the parameters α 0n so that the cost function is symmetric in p nt and z nt and the number of parameters are parsimonious, see Koebel, Falk and Laisney (2000) .
The optimal demand functions x * are obtained from c through the application of Shephard's Lemma and are used to form the input-output coefficients x * nt /y nt considered in our regression:
where x * (p nt , z nt , α n ) = ∂c * /∂p nt and ν nt denotes a residual vector that is uncorrelated with the explanatory variables, has zero conditional mean and a constant variance matrix. The main reason why we consider input-output coefficients x nt /y nt instead of the demand levels x nt as explained variables is that the assumption of homoscedastic residuals appears more plausible for the former specification than for the latter. The system of seven factor demands will be estimated using non-linear SUR on panel data.
The terms p nt x n1 and θ n p nt are introduced in (7) to guarantee that the cost function is linearly homogeneous in prices. Diewert and Wales (1987) show that there are many possibilities of defining θ n and that the flexibility of the above specifications does not depend upon choosing θ n in a particular way. The parameters θ n are usually defined as a function of some x nt and c nt , which can lead to endogeneity problems, because in this case the same variables occur on the left-and right-hand side of (9). To avoid this, we specify
so that θ n p nt corresponds to a variant of a Laspeyres price index for total variable costs, normalized to '1' in 1978 (at which t = 1).
The main hypothesis we want to investigate is whether it is easier to substitute unskilled labour for both purchased services and imported materials than it is to substitute highly skilled labour for purchased services and imported materials. The substitution effect indicates that a firm will use more of an input whose relative price has decreased. Different impacts of capital accumulation, output growth and time may be further explanations for the shift towards skilled labour and away from unskilled labour. Finally, higher output and time elasticities for both purchased services and imported materials compared to other input factors may also explain the increasing demand for both purchased services and intermediate materials in manufacturing.
IV. Data and stylised facts
The data used in this study are publicly available from government agencies. 3 The strong increase in the number of workers in personnel supply services coincides with the increasing demand for purchased business services as an input of production in manufacturing. During the period 1978-1990, the number of workers in temporary personnel supply services increased by 12.9 percent per year, which is wearing apparel), paper, wood as well as electronical products have a higher than average share of purchased services in total output. Furthermore, all industries show an increase in their demand for purchased services. The largest increase of purchased services with growth rates of 6 percent and more can be found in machinery, vehicles, electronical products, publishing and printing, paper and plastics. The increase in purchased services can also be observed in other industrialised countries. In U.S. manufacturing, Fixler and Siegel (1999) report an increase in the share of purchased services in total costs from 10.1 percent in 1979 to 12.8 percent in 1988, see also Raa and Wolff (2001) . There is also a strong increase in the demand for imports of intermediate materials (3.5 percent per year). The largest increase in imported materials can be found in plastics, followed by motor vehicles, paper and electronic products. In contrast to imported materials, domestic materials in constant prices grow just slightly over time.
Turning to the input factor prices described in Table 3 , we observe that prices of the four materials components grow at a smaller rate than the wages of the different types of workers. 
V. Empirical results
The system (9) of seven equations is estimated using non-linear SUR. The pooled model consists of 50 free parameters plus 7 × 26 parameters for industry dummies that have to be estimated on the basis of 26 × 9 × 7 observations. To control for heterogeneity across industries, we allow the coefficients to vary across broadly defined groups of industries. Firstly, we split the 26 industries into (i) durable goods industries (13 industries, among them metal products, machinery, transport equipment, electrical machinery) and (ii) non-durable goods industries (13 industries, among them food, chemical products etc.). Secondly, we consider the alternative split sample based on the skill intensity of production and distinguish between skill intensive and non-skill intensive industries. The split sample based on the distinction between durable goods and non-durable goods yields the highest likelihood value. Furthermore, a likelihood ratio test is conducted to test whether the parameters of the cost functions are identical across the two subsamples (at the exception of the industry specific parameters α Cn and A pn ). The null hypothesis that the parameters are equal across the subsamples is rejected in all cases. 4 Therefore, we rely on the more disaggregated model that accounts for heterogeneity between durable goods and non-durable goods industries in the remaining part of this section. data-adjusted) are close to two for the material input equations and between 1.23 and 1.54 for the three labour demand equations. 5 As statistical tests reject the NQ and the TL against the BC, the interpretation of elasticities is mainly based on the BC functional form. Table 5 presents We only report the median of the distribution of each elasticity across industries and the t-values indicating the significance level of the median. We find no evidence that unskilled labour can be substituted for either imported materials or purchased services. In contrast, we find a significant complementarity relationship between unskilled labour and domestic materials (ε (x * u , p d ) = −0.24). This indicates that an increase in the price of domestic materials will decrease the demand for unskilled workers. This empirical result of the relationship of no substitutability between less skilled labour and imported materials is contrary to the findings of Tombazos (1999b) for the U.S. One reason for these different results may to the low share of German imports from newly industrialised countries (NICs) in the Far East. 6 Between 1976 and 1985, the value of German imports from these countries as a share 5 The Durbin-Watson test is applied to equispaced data. 6 The Asian NICs include Hong Kong, Taiwan, South Korea, Singapore and the Philippines (see Aw and of total German imports remained stable at around 2.3 percent. 7 Between 1986 and 2000, the share slightly increased to around 4 percent. 8 Conversely, in the U.S., the share of imports from these countries was 6 percent in 1975 and already reached 7.4 percent in 1980 (see Aw and Roberts 1985) .
Highly skilled workers tend to be a substitute for purchased services. The median value of the distribution of the cross-price elasticities of high-skilled labour is 0.40 with respect to the price of purchased services. Whereas the median value is not significantly different from zero, many non-reported elasticities are significant (6 cross-price elasticities are significant at the 5 percent level and further 10 cross-price elasticities are significant at the 10 percent level).
Surprisingly, we find a significant substitutability relationship between highly skilled workers and domestic materials. There is also evidence of complementarity between medium-skilled workers and energy on the one hand, and high-skilled workers and energy on the other. Hence, raising energy prices will decrease the demand for both medium-and highly skilled workers. As expected, own-wage elasticities are significantly negative for any of the skill levels. The own-wage elasticities of unskilled workers and medium-skilled workers are −0.42 and −0.39, respectively.
We find a positive but insignificant cross-price elasticity between medium-skilled and unskilled labour. 9
There are some significant cross-price elasticities between the different material inputs. Significant pairwise substitutability relationships can be found between energy and imported materials and between imported materials and domestic materials. Note that domestic and imported material inputs are far from being perfect substitutes: ε (x * d , p m ) = 0.14. This means that changes in the import price have a small impact on the demand for domestic intermediate materials.
Since either cross-price elasticities between different types of materials are either quite small or relative input price movements between different types of materials are negligible, little of the shift in factor demand towards purchased services and imported materials can be explained by price effects.
A possible explanation why several price elasticities are insignificant is the small sample size.
For comparison, we also calculate the elasticities of factor demand obtained from pooled data Roberts 1985) . 7 The data are drawn from the Statistical Office Germany, time series number 4024 and 2085. 8 Even more importantly, the share of German imports from Middle and Eastern Europe increased from 7 percent in 1991 to 13 percent in 2000. 9 Koebel, Falk and Laisney (2000) find some significant substitutability between highly skilled workers and medium-skilled workers and between medium-skilled workers and unskilled workers in a model where capital is treated as a flexible input.
consisting of all 26 manufacturing industries. 10 As expected, the t-values, in absolute values, are somewhat larger in the pooled model. The positive cross-price elasticity either between mediumskilled labour and purchased services or between highly skilled workers and purchased services turns out to be significant at the 1 percent level. Similarly, the t-value of cross-price elasticity between unskilled workers and imported materials changes from −0.9 to −2.2. Furthermore, we find very few contradictions with respect to the sign of the estimated elasticities based on either pooled data or the split sample.
In order to allow for a comparison with earlier studies in which purchased services or imported materials are treated as fixed factors, we also present the scale elasticities of the restricted labour demand functions x L which are calculated using formula (3) . Table 6 presents The estimates of ε ( x i , x j ) are not very precise and vary highly across the industries, no matter which split sample is considered. This is related to the fact that the estimated matrix ε (x * M , p M ) in (3) is almost singular for some industries and therefore causes the estimates of ε ( x L , x M ) to explode. It is a bit comforting that the standard deviations also explode in these cases (see the formulas in appendix B). Briefly, whether the restricted elasticities can be estimated precisely from an unrestricted demand system would be an interesting question to address in further work. Table 7 presents output and time elasticities as well as the impact of capital on factor demand.
Output elasticities are significant at the five percent level in all cases except for the output elasticity of energy. Imported and domestic materials as well as purchased services benefit more from output growth than the different skill types of labor. The output elasticities of the different skill levels range between 0.38 for medium-skilled workers and 0.53 for highly skilled workers, while the output elasticities of imported materials and purchased services are 0.98 and 0.70, Table 6 : Scale elasticities of labour demands (1) using a similar data set. 11 The low output elasticities of labour demands can be interpreted as evidence for "jobless growth", pointing out that output growth must be substantial in order to create jobs, given the negative effects of wage increase and labour-saving technological change for unskilled labour.
Calculations for the time elasticities are given in the third column of Table 7 . Given the effects of output, capital and input prices, unskilled labour decreases over time while the remaining inputs increases over time. The impact of capital on factor demand is positive in most of the cases, indicating that most input factors benefit from capital accumulation (see column 2 in Table 7 ). High-skilled labour benefits more from capital growth than all other input factors. In particular, the impact of capital on the different types of labour is increases with the skill level
) which is consistent with capital-skill complementarity. 11 The relatively low output elasticities of different types of workers are partly due to the restricted cost function framework adopted here. Modelling the capital stock as a variable factor of production results in somewhat higher output elasticities (see Koebel et al. 2000 ). (1) see Table 5 .
VI. Conclusion
In West German manufacturing, the demand for both purchased services and imported intermediate inputs has been expanding more rapidly than gross output. This paper has made three contributions to the economic analysis of these changes. First, we investigated the input substitution possibilities and the effects of output and capital on input demands more thoroughly than previous studies. In particular, we analysed the impact and the determinants of purchased services and imported materials on the demand for heterogeneous labour. Second, we formulated a new variant of a Box-Cox cost function nesting both the normalised quadratic and the translog functional form. Third, we distinguished between both the quantity and price effects of purchased services and imported materials.
We find that the effects of output and capital are more important in explaining the demand for heterogeneous labour than substitution effects between different types of labour with either purchased services or imported materials. Similarly, the increasing demand for both imported materials and purchased services is rather a consequence of output growth than of input substitution. Moreover, the empirical results highlight the importance of distinguishing between price and quantity effects of purchased services and imported materials. The quantity effect indicates that the increasing demand for purchased services and imported materials tends to reduce the demand for all different skill levels, but the effects are not significantly different from zero in most of the cases. 12 The main reason for not using more recent data is that annual input-output tables for Germany for the 1990s based on NACE, Rev 1 (Statistical Classification of Economic Activities in the European Union) will not be published before mid-2002. 13 We do not disaggregate purchased services into imports of purchased services and domestic purchased services.
VII. Appendix
For West German manufacturing, the share of imported purchased services in total intermediate materials was less than 1 percent in 1990. p dnt , p ent , p mnt , and p ont . Finally, we adjust the data from the input-output tables for the small difference with national accounts data.
An important caveat concerns the use of the official prices of service industries as deflators for purchased services. Griliches (1992) points out the difficulty of measuring prices of services, particularly due to the rapid change in the quality of services. Obviously, the increase in the output price of purchased services may be explained to some extent by changes in the quality of purchased services (business services, telecommunication services) rather than by inflationary price changes. If we are overestimating the prices of purchased services, we must be underestimating their level in constant prices, which suggests that the growth in purchased services in constant prices would be higher than the official statistics state. As the matrix V [vec ε (x * , p M )] is obtained from the regression (9), it is now possible to calculate V [vec ε ( x L , x M )] using the expression for ∂g/∂vec ε given in (11) and (12) below. Note that only the elements on the main diagonal of V [vec ε ( x L , x M )] are interesting for our purpose.
From (10) and the properties of the vec operator it follows that
where I L denotes the (S L × S L ) identity matrix. From the first equality, we obtain that
and from the second equality that
Finally, ∂g/vec ε (x * , p M ) is obtained by juxtaposing ∂g/vec ε (x * L , p M ) and ∂g/vec ε (x * M , p M ) . The following table gives the dimensions of the matrices involved in this appendix. 
